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DARPA The AIM-C Team NAYAR

* Boeing — Seattle and St. Louis— AIM-C CAT, Program Management
* Boeing — Canoga Park — Integration, Propagation of Errors
* Boeing — Philadelphia — Effects of Defects

» Convergent Manufacturing Technologies — Processing lytec ‘
 Cytec Engineered Materials — Constituent Materials, Supplier

» Materials Sciences Corporation — Structural Analysis Tools \
*MIT — Dr. Mark Spearing — Lamina and Durability

. . NORTHROP GRUMMAN
*MIT —Dr. David Wallace — DOME, Architecture o
* Northrop Grumman — Bethpage — Blind Validation
* Northrop Grumman — El Segundo — Producibility Module

 Stanford University — Durability — Test Innovation s \
I
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TG  AIM-C Alignment Tool  <icm

The objective of the AIM-C Program is to provide concepts, an approach,
and tools that can accelerate the insertion of composite materials
into DoD products

AIM-C Will Accomplish This Three Ways

Methodology - We will evaluate the historical roadblocks to effective
implementation of composites and offer a process or protocol to eliminate
these roadblocks and a strategy to expand the use of the systems and
processes developed.

Product Development - We will develop a software tool, resident and accessible
through the Internet that will allow rapid evaluation of composite materials
for various applications.

Demonstration/Validation - We will provide a mechanism for acceptance by primary
users of the system and validation by those responsible for certification of the
applications in which the new materials may be used.
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DARPA; The Plan et bl

* |ncorporate methodology into an interface that guides the user
and tracks the progress of technology maturation to readiness

 Deliver software in steps toward a useable system as analysis modules
are compl eted

» Demonstrate capability through system validation, compelling technical
demonstration, and a‘ blind validation’ to insure usability

RDCS/Web Framework J

Ll

Cost Structure || Material & Process || Producibility | |Durability
Models Models [] Models i Models Models
(Science Based) (Science Based) (Science Based) | |(Science Based)
Heuristic
Models
y Data Bases
Methodology 1

@ﬂﬂf]ﬂﬂ@
cc20044.04 AIM-C



AlM-C Material Maturation Methodology
Cuts Time But Retains the Discipline

DARPA

6-18 Months
Application Target Supplier Trade Mé&P Fabrication Allowables
Requirements Properties Offerings Studies Definition Studies Development
3 Months 3 Months 3-6 Months 2-6 Months 6-12 Months 2-6 Months 6-18 Months Service Life
Critical Details | | Subcomponent Component
Fab & Test Fab & Test Fab & Test
2-6 Months 2-6 Months 2-6 Months
Most of the Time Savings :
Happens Here Most of the Cost Savings
Happens Here Both Time and Cost
4.9 Months Savings Happen Here
Application Target M&P Key Features Allowables
Requirements Properties Definition Fab & Test Development
3 Months 3 Months 6-12 Months 2-6 Months 6-18 Months Service Life
. Subcomponent Component
Supplier Fab & Test Fab & Test
Offerings
2-6 Months 2-6 Months
3-6 Months
Trade
Studies
2-6 Months
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Technology Transition Plan - e

“2'.'

=
A

-\_.,-"

AIM Product AIM Product  AIM Product AIM Product AIM Product  AIM Product
Development Verification Demonstration Refinement Validation Implementation

Optional Program Prase e
B e IR
|
I

CertificationTeap |
v

Customer Team — To ensure that the product meets the needs of the funding agents
Design Team — To ensure acceptance among users in industry

Certification Team — To ensure acceptance among the certification agents for structures
Implementation Team — To ensure acceptance among the user community

Commercialization Team — To ensure commercial support of users
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The Certification Team = Ut
Agency Integration Structures Materials Producibility
Boeing Charley Saff Eric Cregger Pete George John Giriffith
Navy Don Polakovics Dave Barrett | Kathy Nesmith Steve Claus
Air Force TBD Dick Holzwarth Katie Thorp Bob Reifenberg
FAA Richard Yarges Larry licewicz David Swartz  Dave Ostrodka
Army Kevin Rotenberger Jon Schuck TBD TBD
NASA TBD Jim Starnes Tom Gates Tom Freeman

To Insure That the Methodology, Verification, and
System Validation We Do Satisfies Certifying Agencies

@ﬂﬂf]ﬂﬂ@

AIM-C



ask

Focus
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Decrease Cycle Time

Long Range Goals
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Structures Module Process T

LAMINATE/STRUCTURES MODULE (w/Integrated Lamina)

|

SINGLE POINT
STRESS ANALYSIS

SIFT

\ soEING -
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M ethods — L amina Prediction
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Strong phySICal baSIS 10 3 - Trdiviy ardg Madided 9§ Vlisas Friglips Gl Eanay
Good comparison with 10 2 _
experiments . f
Low data gathering cost/time 6 5 Many Models Make Smilar Predictions
Low computational cost 5 5 Test Data Limitations .
Applicability to all continuous 5 4 T |
fibrous systems  Sgnificant Data Scatter
Clear approach, documentation, 3 4 N ° Small Range. of Data
implementation _ Some items are predicted well
No "tuning" requirement 3 5 "
High simplicity/usability 1 5
Total = Sum of (assigned values X
attribute weight) 157 .
Model Investigation, Ranking, - o . ati e

And Salection o eoepamee

Model Accuracy Verification
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The Benefit of Linked Simulation Tools
and M ethodology

Modeling of the Process

Inherent variations
associated with physical
system or the
environment (Aleatory
uncertainty)

Also known as
variability,
stochastic
uncertainty

E.G. manufacturing
variations, loading
environments

Uncertainty due to lack of
knowledge
(Epistemic
uncertainty)

inadequate
physics models
information from
expert opinions.

Known Errors (acknowl edged)
e.g. round-off errors
from machine
arithmetic, mesh size
errors, convergence

errors, error propagation
agorithm

Mistakes (unacknowledged
errors)
human errors e.g error
in input/output,
blunder in
manufacturing

Temper ature Variation in temperature Modeling of heat transfer | Convergence of mesh must be Errorsin setup files, and other
throughout an autoclave; coefficient of autoclave checked. Time-stepsand initialization procedures.
Boundary variation in bagging includes pressure effect temperature steps must besmall | Errors/bugsin code.
Conditions thickness across part but not shielding of part. | enough.
Assumptions made about
tool-part resistance.
Tool Part Part to part and point to Tool-part interaction is Current model of tool-part Errorsin calibrating the tool-
2 point variationsin tool very complex, and very interaction istoo simple for large | part interaction
Interaction finish and application of | local effects may attimes | parts on high CTE tools.
release agent be significant
Layup Variationin lay-up during | The layers are smeared Error in defining layup, or

hand or machine lay-up.

within an element and it
isassumed that the
smeared responseis
representative

aternatively errorsin the
manufactured part compared to
model

Residual Stresses

Many parameters can
affect residual stress:
local fiber volume
fraction, ...

Micro-stresses are
considered to be
independent of meso-
stresses; there are few
independent
measurements of residual
stress.

The formulation is believed to be
most accurate when the cure
cycle temperature is higher than
the Tg. Otherwisethe residual
stress calculated can be an
overestimate.

Errorsin material property
definition, errorsin coding,
errorsin integrating process and
structural models.
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Stiffener Runout
Analysis Validation Tests

Variables and interactions exercised Analysis
Include processing effects and Validation
defects. e Tests

o Static Strength

Elements e Durability

< » Damage Tolerance
) e Input
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Web-Driven

» Accessed via lnternet
o Used via Internet

» Application filelocal
« DOME enabled

 Modules available
anywhere

» Configuration
controlled by user

» Application file
contains configuration
info

PROs most flexible

Web-Based

* Downloaded from
| nternet

» Used locally to create
application file

» Application filelocal

e Modules & SYW
available few locations

» Configuration
controlled by
application file

» DOME enables remote
access to modules

PROs most controlled

Stand Alone

o Accessed locally

» Used locally to create
application file

» Application file local

 Modules & S/W
available locally

» Configuration
controlled by
application file

PROs may be only way
for classified programs
touse AIM-C
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" but wisdom com&sfrom seeingthewhole*
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Knowing in part may make afinetale, < e

~— W | * Seven Blind Mice
. by Ed Young
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